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Descripti n 

The present invention relates to an apparatus for 
measuring a total flux of a lamp by the use of an inte- 
grating photometer. The Integrating photometer is In s 
wide practical use today in the field of optical radiometry. 

It is desirable in the development or quality control 
of incandescent lamps or various discharge lamp, to ac- 
curately measure the total flux value of a lamp. 

In measuring the total flux of the lamp, an Integrat- 
ing photometer is generally used. The integrating pho- 
tometer Is a device which comprises an integrating 
sphere having a photometric window defined in a wall 
thereof, a spectrometer for measuring light transmitted 
through the window, a lamp holder for holding and light- 
ing a lamp to be measured inside the integrating sphere, 
and a baffle for shielding that portion of light, emitted 
from the lamp when the lamp is turned on, which travels 
directly towards the window. 

The entire interior wall surface of the integrating 
sphere is a white diffusion surface so as to permit the 
interior wall surface to exhibit a uniform illuminance 
when radiated by the lamp. The uniformed illuminance 
is caused by the effect of interreflection taking place in- 
side the integrating sphere. 

A total flux measuring apparatus currently in use 
measures the total flux of the lamp by comparing it with 
a known total flux value of a standard lamp. 

When the lamp to be measured is turned on, the 
flux emitted from this lamp is interreflected inside the 
integrating sphere. The white diffusion surface of the in- 
ner wall exhibits a uniform illuminance. This uniform il- 
luminance is detected by a photometer which is con- 
nected to the integrating sphere. This output is com- 
pared with the value which the total flux standard incan- 
descent lamp exhibit. 

Because the lamp is turned on inside the integrating 
sphere during the measurement, the integrating pho- 
tometer can be used in a bright room. For this reason, 
the integrating photometer is utilized not only in total flux 
measurement, but also in spectral distribution measure- 
ment wherein a spectrometer is mounted on the photo- 
metric window. In addition, the integrating photometer 
is widely used in lamp manufacturing factories or in lamp 
development sections. 

The integrating photometer, however, has a prob- 
lem, namely, the lamp holder causes measurement er- 
rors by casting a shadow through direct or indirect light 
and by absorbing the light. 

This problem is especially evident when using a 
straight tube fluorescent lamp as an illuminant to be 
measured. The lamp holder for a straight tube fluores- 
cent lamp differs from a total flux standard incandescent 
lamp. This may cause a big error. In addition, discharge 
property of a low voltage mercury vapor lamp such as 
a fluorescent lamp is determined by the low temperature 
luminous part o( the lamp. When this lamp is the illumi- 
nant to be measured, the heat and radiation emitted 



from the lamp cause an increase of temperature of the 
integrating sphere which is a ck)sed space. Thus, it may 
be difficult to measure the total flux accurately 

An integrating sphere having diameter of 1.5m is 
used. A cylindrical lamp holder having the same radius 
of the straight tube fluorescent lamp, to be measured is 
installed along the diameter of the integrating sphere 
and applied with the same light diffusing material BaS04 
as the interior wall of the integrating sphere. The lamp 
holder is also coated with BaS04. The'total flux of a 40W 
straight tube type fluorescent lamp is measured. 

When the diffuse reflectance of BaS04 is 95%, the 
absorption of flux by the lamp holder is about 2 to 3% of 
total flux. 

In measuring the total flux in practice, total flux of 
the Illuminant to be measured is estimated by comparing 
the total flux standard incandescent lamp. 

The lamp holder of the total flux standard incandes- 
cent lamp is within the integrating sphere. 

Absorption of the lamp holder depends on shape 
and spatial distribution of luminous intensity of the illu- 
minant. In addition, the illuminant has a self-absorption 
of the flux. 

These factors cause a 5% error in total flux meas- 
urement. 

To correct the error, a supplement lamp is installed 
in the integrating sphere. The absorption of total flux 
standard incandescent lamp with lamp holder and lumi- 
nant to be measured with lamp holder are measured re- 
spectively. This allows a measurement to be performed 
to correct the error. 

SUMMARY OF INVENTION 

The present invention relates to a luminous flux 
measuring apparatus which includes an integrating 
hemisphere which has hemisphere shape and an inner 
wall on which a light diffusing material is applied, a flat 
mirror which Is installed to cover the opening of the in- 
tegrating hemisphere, and a second opening in the cent- 
er of the flat mirror having the same configuration of lon- 
gitudinal cross section of the illuminant to be measured, 
a photometer which has a light-intercepting window lo- 
cated inside the integrating hemisphere, and a means 
for installing the Illuminant to be measured at the center 
of cun/ature of the integrating hemisphere. 

In one exemplary embodiment, means for installing 
the illuminant has a rotation axis to rotate the illuminant 
to be measured. 

Further, the present invention relates to a luminous 
flux measuring apparatus which includes an integrating 
hemisphere which has a hemisphere shape, an inner 
wall on which a light diffusing material is applied, a fiat 
mirror which crosses the center of the curvature of the 
integrating hemisphere in order to cover the first open- 
ing (the opening is circular for example) of the integrat- 
ing hemisphere, a second opening in the flat mirror be- 
ing equipped at the center of the flat mirror and having 
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the same configuration of the illuminant which luminous 
part is vertical to said flat mirror, a photometer which has 
a light-intercepting window located inside the integrating 
hemisphere, and a means for installing the illuminant to 
be measured at the center of cunrature of said Integrat- 5 
Ing hemisphere. 

Furthemiore, the present invention relates to a lu- 
minous flux measuring apparatus which includes an in- 
tegrating quarter sphere which has quarter sphere 
shape and an inner wall on which light diffusing material 
is applied, a first flat mirror and a second flat mirror which 
cross the center of curvature of said integrating quarter 
sphere in order to cover the first opening of the integrat- 
ing quarter sphere, and connecting part of the first flat 
mirror and the second flat mirror, a second opening lo- 
cated at the center of the connecting part of the first and 
second flat mirrors and having the same cross section 
configuration of the illuminant to be measured, a pho- 
tometer which has light intercepting window at the inside 
of the integrating quarter sphere, and a means for in- 
stalling the illuminant to be measured at the center of 
the integrating quarter sphere. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Fig 1 is a partial cutaway view of a luminous flux 
measuring apparatus in accordance with an exemplary 
embodiment of the present invention. 

Fig 2 is a partially cutaway perspective view of a 
luminous flux measuring apparatus in accordance with 
an exemplary embodiment of the present invention. 

Fig 3 is a partially cutaway view of a luminous flux 
measuring apparatus in accordance with an exemplary 
embodiment of the present invention. 

Fig 4 is a partially cutaway view of a luminous flux 
measuring apparatus in accordance with an exemplary 
embodiment of the present invention. 

Fig 5 is a cross sectional view of a luminous flux 
measuring apparatus in accordance with an exemplary 
embodiment of the present invention. 

Fig. 6 is a partially cutaway view of a luminous flux 
measuring apparatus in accordance with an exemplary 
embodiment of the present invention. 

DETAILED DESCRIPTION OF PREFERRED 
EMBODIMENTS 

Exemplary embodiments of the present invention 
are now described. 

(Example 1 ) 

Fig 1 shows a partially cutaway view of a luminous 
flux measuring apparatus in accordance with a first ex- 
emplary embodiment of the invention. As shown in Fig 
1 , the inner wall of the integrating hemisphere 2 which 
has hemisphere shape has a light diffusing material 1 
BaS04 applied thereto. The means 8 for holding the il- 
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luminant 4 is also applied with BaS04. A 95% of diffuse 
reflectance is accomplished. The radius of the integrat- 
ing hemisphere is 75cm. Flat mirror 3 is installed in order 
to cover the first opening of the integrating hemisphere. 
Flat mirror 3 faces the inside of the integrating hemi- 
sphere 2. Second opening 5 which is located at the cent- 
er of the flat mirror 3 and at the center of curvature, has 
the same configuration of longitudinal cross section as 
the illuminant 4 to be measured. In this example, a 40W 
straight tube type fluorescent lamp is used as the illumi- 
nant 4. 

Fig 2 is a cross sectional view in accordance with 
line A-B of the luminous measuring apparatus of Fig 1. 
Window 5 has a 1 .3m longitudinal length corresponding 
to the length of the fluorescent lamp plus the length of 
socket (which is part of the means 8) supplying electric 
current to the fluorescent lamp. 

Second openirig 5 has a width of about 42mm cor- 
responding to the 32mm diameter of the 40W straight 
tube type fluorescent lamp. 

Photometer 6 has adequate spectral responsivity 
for adjusting to the spectral luminous efficiency Pho- 
tometer 6 has light-intercepting window located at the 
inside of the integrating hemisphere 2. 

Light shielding plate 7 is installed on flat mirror 3 
between photometer 6 and illuminant 4 in order to shield 
the photometer 6 from the light emitted directly from il- 
luminant 4. Means 8, as shown in Fig. 1 , is used for in- 
stalling illuminant 4 at the center of the curvature of the 
integrating hemisphere. Illuminant 4 is set halfway into 
the integrating space which is surrounded by integrating 
hemisphere 2 and flat mirror 3. Light flux emitted from 
illuminant 4 is uniformly distributed by interreflection of 
integrating hemisphere 2 and by the virtual image of il- 
luminant 4 reflected on flat mirror 3. Therefore, uniform 
illuminance is accomplished in the integrating space. 

In this case, the means 8, such as a lighting jig, is 
almost entirely outside the integrating space, so there 
is little absorption of light flux by means 8 in the integrat- 
ing light flux process, i.e., the condition in which illumi- 
nant 4 is turned on without the means 8 in the integrating 
space is approximately accomplished. 

Therefore, it is possible to measure half of the total 
flux emitted from the illuminant 4. 

It is easy to control the temperature of integrating 
space because the other half of the illuminant is located 
outside of the integrating space and the discharge prop- 
erty of the low voltage mercury lamp, such as a fluores- 
cent lamp, is determined by the lowest temperature lu- 
minous part of the lamp. 

(Example 2) 

In this exemplary embodiment the flux measuring 
apparatus described in Example 1 , has a means with a 
rotation axis to rotate illuminant 4 around the diameter 
of integrating hemisphere 2 as a rotation axis. Fig 3 
shows a partially cutaway view of this example. This ap- 
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paratus is effective when the illuminant 4 to be meas- 
ured has no uniform light flux distribution. 

One side of the lamp socket is attached to a first 
round pulley 11 to rotate the illuminant (florescent lamp) 
4 around the diameter of the integrating hemisphere 2 
as a rotation axis. 

Second round pulley 10 which has a handle 9 is at- 
tached to means 8. 

First round pulley 11 and second round pulley 10 
are connected with belt 12. 

By rotating the second round belt, illuminant (fluo- 
rescent lamp) 4 is rotated. 

This is accomplished by turning the handle 9 to ro- 
tate the illuminant 4 180 degrees and measuring the 
light flux twice. Therefore the total light flux of an illumi- 
nant lacking uniformity can be measured. 

(Example 3) 

In this exemplary embodiment, the flux measuring 
apparatus described in Example 1 has the entire illumi- 
nant 4, such as an electric light bulb having one socket, 
disposed in the integrating space. Fig 4 shows a partially 
cutaway view of this example. 

In.this case, the luminous part of the illuminant 4 is 
Installed vertically against flat mirror 3. This is shown in 
Fig 5. Fig 5 is a partially cutaway view in accordance 
with line C-D of the luminous measuring apparatus of 
Fig 4. 

Since the socket for supporting the electric light bulb 
and means 8 are outside the integrating space, the self 
absorption of these can be avoided. 

(Example 4) 

Fig 6 shows a partially cutaway view of a luminous 
flux measuring apparatus as another embodiment ot the 
invention. As shown in Fig 6, the inner wall of integrating 
quarter sphere 2' has a quarter shape which is covered 
with light diffusing material 1 , 83804. ^5% of diffuse re- 
flectance is accomplished. The radius of the integrating 
hemisphere Is 75cm. First flat mirror 3" and second flat 
mirror 3" cross the center of curvature of the integrating 
quarter sphere to cover the opening of the integrating 
quarter sphere 2'. 

Window 5 is located at the center of the connecting 
parts of the first flat mirror 3' and the second fiat mirror 
3". The window has the same quarter longitudinal cross 
section as the illuminant 4. 

Window 5 has a width of about 21mm correspond- 
ing to the 32mm diameter of the 40W straight lube type 
fluorescent lamp. 

Photometer 6 has a light intercepting window kx;at- 
ed inside the integrating quarter sphere 2'. 

Light shielding plate 7 is installed on the second flat 
mirror 3" and between photometer 6 and illuminant 4 in 
order to shield the photometer from light emitted directly 
from illuminant 4. Means 8 Is used to install illuminant 4 



at the center of the curvature of the integrating quarter 
sphere. Illuminant 4 is set in the integrating space which 
is surrounded by the integrating quarter sphere 2, first 
flat mirror 3' and second flat mirror 3". 

s Light flux emitted from illuminant 4 is uniformly dis- 
tributed by Integrating hemisphere 2 and the virtual im- 
age of illuminant 4 reflected in first flat mirror 3 and sec- 
ond flat mirror 3". Therefore uniform illuminance is ac- 
complished in the integrating space. 

10 Means 8 is outside the integrating space, so there 
is no absorption of light flux by the means in the process 
of integrating light flux, i.e., the condition in which illumi- 
nant 4 turned on without the means 8 in the integrating 
space is approximately accomplished. 

^5 Therefore, it is possible to measure quarter of the 
total flux emitted from the illuminant 4. 

In addition, it is easy to control the temperature of 
integrating space because a substantial portion of the 
illuminant 4 is outside of the integrating space. 

20 The pulleys in example 2, and the illuminant with 
one socket disclosed in example 3 can be integrated 
with the quarter sphere of example 4. 



2S Clalmd 

1 . A luminous flux measuring apparatus for measuring 
the total flux of an illuminant (4) comprising: 

50 an integrating hemisphere (2) having a hemi- 

sphere shape, an inner wall and a first opening, 
said inner wall coated with a light diffusing ma- 
terial, 

35 a flat mirror (3) covering said first opening of 

said integrating hemisphere, said flat mirror 
having a second opening (5) located at the 
center of said flat mirror (3), said second open- 
ing formed in a configuration of longitudinal 

40 cross section of the illuminant, 

a photometer (6) mounted on said Integrating 
hemisphere, said photometer intercepting light 
from said integrating hemisphere, and 

45 

means (8) for holding the illuminant to be meas- 
ured in said second opening. 

2. A luminous flux measuring apparatus of claim 1, 
so wherein said means (8) for holding the illuminant 

having a rotation axis to rotate said illuminant (4) to 
be measured. 

3. A luminous flux measuring apparatus for measuring 
55 the total flux of an illuminant (4) comprising: 

an integrating hemisphere (2) having a hemi- 
sphere shape, an inner wall and a first opening, 
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said inner wall having a light diffusing material 
disposed thereon, 

a flat mirror (3) covering said first opening of 
said Integrating hemisphere, said flat mirror 
having a second opening (5) located at a center 
of said flat mirror, said second opening having 
a configuration identical to a cross section of 
the illuminant, 

a photometer (6) disposed on said Integrating 
hemisphere, said photometer intercepting light 
from said integrating hemisphere, and 

means (8) for holding the illuminant in said sec- 
ond opening so that a luminous part of the illu- 
minant is substantially perpendicular to said flat 
mirror. 

4. A luminous flux measuring apparatus for measuring 
the total flux of an illuminant (4) comprising: 

an integrating quarter sphere (2') having a 
quarter sphere shape, an inner wall, an axis, 
and a center of curvature, said integrating quar- 
ter sphere also having a first and a second 
opening contiguous with each other at said axis 
of said integrating quarter sphere, said inner 
wall having a light diffusing material disposed 
thereon, 

a first flat mirror (3*) connected to a second flat 
mirror (3") at said axis of said integrating quar- 
ter hemisphere for covering said first and said 
second openings, said connection of said first 
flat mirror and said second flat mirror having a 
third opening (3) located at the center of said 
connection, said third opening having a cross 
sectional configuration identical to the illumi- 
nant, 

a photometer (6) disposed on said integrating 

quarter sphere, said photometer intercepting 
light from said integrating quarter sphere, and 

means (6) for holding the illuminant In said third 
opening at said center of cun/ature of said in- 
tegrating quarter sphere. 



Patentanspruche 

1. Lichtstrom-MeBvorrichtung zum [\/lessen des Ge- 
samt-Lichtstromes eines Leuchtmittels (4), welche 
Vorrichtung umfaBt: 

eine integrierende Halbkugel (2) mit Halbkugel- 
form, einer Innenwand und einer ersten 6ff- 



nung, wobei die Innenwand mit lichtdiffundie- 
rendem Material bedeckt ist. 
einen die erste Offnung der integrierenden 
Halbkugel abdekkenden Flachspiegel (3), wo- 

s bei der Flachspiegel eine am Zentrum des 

Flachspiegels (3) gelegene zweite Offnung (5) 
besitzt, welche zweite Offnung entsprechend 
einer Gestaltung des Langs-Querschnittes des 
Leuchtmittels geformt ist, 

10 ein an der integrierenden Halbkugel ange- 

brachtes Photometer (6). welches Photometer 
Licht von der Integrierenden Halbkugel auf- 
nimmt. und 

Mittel (8), um das zu messende Leuchtmittel in 
IS der zweiten Offnung zu halten. 

2. Lichtstrom-MeRvorrichtung nach Anspruch 1, bei 
der das Mittet (8) zum Halten des Leuchtmittels eine 
Drehachse zum Drehen des zu messenden Leucht- 

20 mittels (4) besitzt. 

3. Lichtstrom-MeBvorrichtung zum Messen des Ge- 
samtlichtstromes eines Leuchtmittels (4). welche 
umfaBt: 

25 

eine integrierende Halbkugel (2) mit einer Halb- 
kugelform. einer Innenwand und einer ersten 
Offnung, wobei die Innenwand mit einem daran 
angebrachten lichtdiffundierenden Material 

30 versehen ist. 

einen die erste Offnung der integrierenden 
Halbkugel bedeckenden Flachspiegel (3), wo- 
bei der Flachspiegel eine am Zentrum des 
Flachspiegels angeordnete zweite Offnung (5) 

36 besitzt, welche zweite Offnung eine Gestaltung 

identisch einem Querschnitt des Leuchtmittels 
besitzt, 

ein an der Integrierenden Halbkugel angeord- 
netes Photometer (6), welches Photometer 
40 Licht von der integrierenden Halbkugel auf- 

nimmt, und 

Mittel (8), um das Leuchtmittel in der zweiten 
Offnung so zu halten, da3 ein leuchtender Tell 
des Leuchtmittels im wesentlichen senkrecht 
45 zum Flachspiegel steht. 

4. Lichtstrom-MeQvorrlchtung zum Messen des Ge- 
samtlichtstromes eines Leuchtmittels (4), welche 
umfaBt: 



eine integrierende Viertelkugel (2') mit Viertel- 
kugelform, einer Innenwand, einer Achse und 
einem Krummungsmittelpunkt, welche inte- 
grierende Viertelkugel auch eine erste und eine 
ss zweite Offnung besitzt. die an der Achse der in- 

tegrierenden Viertelkugel aneinanderstoBen, 
wobei die Innenwand mit einem daran ange- 
brachten lichtdiffundierenden Material verse- 



5 



9 



EP 0 599 024 B1 



10 



hen ist, 

einen ersten Flachspiegel (3'), der mit einem 
zweiten Flachspiegel (3') an der Achse der in- 
tegrierenden Viertelkugel miteinander verbun- 
den Ist, um die erste und die zweite Offnung zu s 
bedecken, wobei die Verbindung des ersten 
Flachspiegels mit dem zweiten Flachspiegel el- 
ne in der Mitte der Verbindung angeordnete 
drilte Offnung (5) ausweist, welche dritte Off- 
nung eine nnit der des Leuchtmittels kientische io 
Querschnittsgestaltung besitzt, 
ein in der integrierenden Viertelkugel angeord- 
netes Photometer (6), welches Photometer 
Licht von der integrierenden Viertelkugel auf- 
fangt, und 

Mittel (8), um das Leuchtmittel In derdritten Off- 
nung am Krummungsmittelpunkt der integrie- 
renden Viertelkugel zu halten. 



Revendicatlons 

1. bispositif pour mesurer un flux lumineux destine k 
mesurer ie flux total d'une source de lumi^re (4) 
comportant : 

un hemisphere integrateur (2) possedant une 
forme hemlspherique, une parol interieure et 
une premiere ouverture, ladite parol Interieure 
etant revdtue d'un materlau diffusant ta iumi§- 
re, 

un miroir plat (3) couvrant ladite premiere 
ouverture dudit hemisphere integrateur, ledit 
miroir plat possedant une seconde ouverture 
(5) situee au centre dudit miroir plat (3), ladite 
seconde ouverture ayant la forme d'une confi- 
guration de section transversale longitudinale 
de la source de iumiere, 
un photometre (6) montd sur ledit hemisphere 
integrateur, ledit photometre interceptant la Iu- 
miere venant dudit hemisphere integrateur, et 
des moyens (8) pourtenir la source de Iumiere 
a mesurer dans ladite seconde ouverture. 

2. Dispositif pour mesurer un flux lumineux seton la 
revendlcation 1, dans lequet lesdits nrK)yens (6) 
pour tenir la source de lumidre ont un axe de rota- 
tion pour faire tourner ladite source de Iumiere (4) 
a mesurer. 

3. Dispositif pour mesurer un flux lumineux destine a 
mesurer Ie flux total d'une source de Iumiere (4) 
comportant : 

un hemisphere integrateur (2) poss6dant une 
forme hemlspherique, une parol interieure et 
une premiere ouverture, ladite paroi interieure 
etant revetue d'un mat6riau diffusant la Iumie- 



re. 

un miroir plat (3) convrant ladite premiere 
ouverture dudIt hemisphere Integrateur, ledit 
miroir plat possedant une seconde ouverture 
(5) situee k un centre dudit miroir plat (3), ladite 
seconde ouverture ayant une configuration 
identique k une section transversale de la sour- 
ce de Iumiere, 

un photometre (6) place sur ledit hemisphere 
integrateur, ledit photometre interceptant la Iu- 
miere venant dudit hemisphere integrateur, et 
des moyens (6) pour tenir la source de Iumiere 
dans ladite seconde ouverture de telle maniere 
qu'une partie lumineuse de la source de Iumie- 
re soit sensibiement perpendiculaire audit mi- 
roir plat. 

4. Dispositif pour mesurer un flux lumineux destine a 
mesurer Ie flux total d'une source de Iumiere (4) 
20 comportant : 

un quart de sphere Integrateur (2') possedant 
une forme de quart de sphere, une parol inte- 
rieure, un axe, et un centre de courbure, ledit 
quart de sphere integrateur possedant egale- 
ment une premiere et une seconde ouverture 
contigues Tune a I'autre sur ledit axe dudit quart 
de sphere integrateur. ladite paroi interieure 
etant revetue d'un materlau diffusant la Iumie- 
re. 

un premier miroir plat (3') retie k un second mi- 
roir plat (3") sur ledit axe dudit quart de sphere 
integrateur pour couvrir lesdites premiere et se- 
conde ouvertures. ladite liaison dudit premier 
miroir plat et dudit second miroir plat possedant 
une troisieme ouverture (5) situee au centre de 
ladite liaison, ladite troisieme ouverture ayant 
une configuration de section transversale Iden- 
tique k la source de Iumiere. 
un photometre (6) place sur ledit quart de sphe- 
re integrateur, ledit photometre interceptant la 
Iumiere venant dudit quart de sphere integra- 
teur, el 

des moyens (8) pour tenir la source de Iumiere 
dans ladite troisieme ouverture audit centre de 
courbure dudit quart de sphere integrateur. 
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